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(57) ABSTRACT

An implantable medical device is disclosed that includes a
charging coil configured to inductively couple to a first exter-
nal coil to receive a charging signal to charge a charge storage
element of the implantable medical device. The implantable
medical device also includes a circuit coupled to the charging
coil. The circuit includes a circuit component that, in response
to the charging signal, generates a backscatter signal. The
implantable medical device also includes a communication
coil orthogonal to the charging coil and coupled to the circuit
component. The communication coil is configured to induc-
tively couple to a second external coil to communicate the
backscatter signal to the second external coil.
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/ 300

/‘ 302

Receive a charging signal at a charging coil of an implantable
medical device by inductively coupling the charging coll to a
first external coll of a charging device

l /‘ 304

Rectify the charging signal and apply the reclified charging
signal to a charge storage element of the implantable medical
device

l /‘ 306

Apply a backscatter signal to a communication coil of the
implantable medical device, where the backscatier signal is
generated responsive {o the charging signal being applied to a
component of the implantable medical device and where the
communication coil is orthogonal t¢ the charging coil

1 /‘ 308

Send the backscatier signal to an external device by inductively
coupling the communication coll 1o a second external coil of the
external device o communicate the backscatier signal to the
second external coil

FiG. 3
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/ 400

/‘ 402

Apply a charging signal to a first charging coll of a charging
device

/‘ 404

Communicate the charging signal to a second charging coil of
an implantable medical device by inductively coupling the
second charging coil and the first charging coil, where the

implantable medical device includes a charge storage slement

that is charged using the charging signal

/' 406

Detect, at a sensing coil, a backscatier signal from a
communication coil of the implantable medical device, where
the sensing coil is orthogonal to the first charging coil

FiG. 4
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1
IMPLANTABLE MEDICAL DEVICE WITH
BACKSCATTER SIGNAL BASED
COMMUNICATION

FIELD OF THE DISCLOSURE

The present disclosure is generally related to implantable
medical devices.

BACKGROUND

Advances in technology have led to the development of
small medical devices that can be implanted within a living
organism, such as a human, to provide treatment or monitor-
ing. Powering such implantable medical devices may cause
some concern. Due to the size of an implantable medical
device, an onboard battery may provide a temporary amount
of power due to a finite amount of energy that can be stored in
the onboard battery. Replacing a battery of the implantable
medical device may be expensive and inconvenient. For
example, an implantable medical device that is implanted
within a human may require invasive surgery to replace the
device or to replace the battery of the device. Due to these and
other concerns, some implantable medical devices may use
rechargeable batteries.

However, charging rechargeable batteries of an implant-
able medical device may present other concerns. Charging
inefficiencies may result in long charging times that may be
undesirable for patients and may reduce compliance with a
charging procedure. Such inefficiencies may be dependent on
various factors that may be associated with use of a charging
device to facilitate the charging. Some factors may include
alignment, position, and depth of the charging device. The
implantable medical device may be unable to communicate
information about the implantable medical device to an exter-
nal device during the charging process due to physical and
electrical constraints. For example, the implantable medical
device may not be able to communicate with an external
device via a communication link because a charging signal
may be more powerful than a communication signal, which
can cause problems with receiving the communication signal
in the presence of the charging signal.

SUMMARY

In a particular embodiment, an implantable medical device
includes a charging coil configured to inductively couple to a
first external coil to receive a charging signal to charge a
charge storage element. The implantable medical device also
includes a circuit coupled to the charging coil. The circuit
may include a circuit component that, in response to the
charging signal, generates a backscatter signal. The implant-
able medical device also includes a communication coil
orthogonal to the charging coil and coupled to the circuit
component. The communication coil is configured to induc-
tively couple to a second external coil to communicate the
backscatter signal to the second external coil.

In another particular embodiment, a method includes
receiving a charging signal at a charging coil of an implant-
able medical device by inductively coupling the charging coil
to a first external coil of a charging device. The method also
includes rectifying the charging signal and applying the rec-
tified charging signal to a charge storage element of the
implantable medical device. The method includes applying a
backscatter signal to a communication coil of the implantable
medical device. The backscatter signal may be generated
responsive to applying the charging signal to a component
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coupled to the charging coil. The communication coil may be
orthogonal to the charging coil. The method includes sending
the backscatter signal to an external device by inductively
coupling the communication coil to a second external coil of
the external device to communicate the backscatter signal to
the second external coil.

In another particular embodiment, a charging device
includes a first charging coil configured to couple to a second
charging coil of an implantable medical device. The first
charging coil may be adapted to communicate a charging
signal to the second charging coil to charge a charge storage
element of the implantable medical device. The charging
device includes a sensing coil that is orthogonal to the first
charging coil. The sensing coil may be configured to detect a
backscatter signal from a communication coil of the implant-
able medical device.

In another particular embodiment, a method includes
applying a charging signal to a first charging coil of a charging
device. The method also includes communicating the charg-
ing signal to a second charging coil of an implantable medical
device by inductively coupling the second charging coil and
the first charging coil. The implantable medical device may
include a charge storage element that may be charged using
the charging signal. The method also includes detecting, at a
sensing coil, a backscatter signal from a communication coil
of the implantable medical device. The sensing coil may be
orthogonal to the first charging coil.

The features, functions, and advantages of the disclosed
embodiments can be achieved independently in various
embodiments or may be combined in yet other embodiments,
further details of which are disclosed with reference to the
following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of a particular embodiment of
a system including an implantable medical device and a
charging device;

FIG. 1B is a diagram of a particular embodiment of the
system of FIG. 1A further illustrating an orthogonal arrange-
ment of coils;

FIG. 2 is a block diagram of a particular embodiment of a
system showing circuits within an implantable medical
device and a charging device;

FIG. 3 is flow chart of a particular embodiment of a method
of communicating a backscatter signal from an implantable
medical device to an external device;

FIG. 4 is a flow chart of a first embodiment of a method of
detecting a backscatter signal sent from an implantable medi-
cal device; and

FIG. 5 is a flow chart of a second embodiment of a method
of detecting a backscatter signal from an implantable medical
device;

FIG. 6A is a block diagram of a particular embodiment of
a sensing system of a charging device;

FIG. 6B is a diagram of a particular embodiment of the
system of FIG. 6A further illustrating an orthogonal arrange-
ment of coils.

Tustrative embodiments are described herein. Particular
illustrative embodiments of the present disclosure are
described below with reference to the drawings. In the
description, common elements are designated by common
reference numbers throughout the drawings.

DETAILED DESCRIPTION

An implantable medical device (IMD) may be inductively
coupled to an external charging system to receive a charging



US 9,343,923 B2

3

signal that provides a charge (or a recharge) to a charge
storage device (e.g., a rechargeable battery) of the IMD. The
external charging system may include a first external coil
coupled to an external charging circuit that provides the
charging signal to the first external coil from a charging power
supply. A charging coil of the IMD may be inductively
coupled to the first external coil of the external charging
system to enable a transfer of energy via the charging signal.
The inductive coupling between the first external coil and the
charging coil may cause the charging signal to be received by
the charging coil. A circuit component (e.g., a rectifier)
coupled to the charging coil may rectify the charging signal to
provide a rectified charging signal to the charge storage
device of the IMD. The charge storage device may store a
charge provided by the rectified charging signal. Thus, induc-
tive coupling between the external charging system and the
IMD may enable the charge storage device of the IMD to be
wirelessly charged by an external charging system.

In response to producing the rectified charging signal, a
backscatter signal may be generated. The backscatter signal
may include a harmonic (e.g., a first order harmonic, a second
order harmonic, a third order harmonic, or a higher order
frequency harmonic) of the charging signal. A communica-
tion coil of the IMD may receive the backscatter signal and
communicate the backscatter signal to an external device that
can process the backscatter signal. The external charging
system can be equipped with a sensing circuit including a
second external coil that can inductively couple to the com-
munication coil to receive the backscatter signal. A difference
in frequency between the backscatter signal and the charging
signal may enable both signals to be communicated by dif-
ferent coils within the IMD. To facilitate receipt of the back-
scatter signal in the presence of the charging signal, the com-
munication coil may be arranged orthogonal to the first
external coil.

The sensing circuit may provide the backscatter signal, or
data descriptive of or related to the backscatter signal to
another component coupled to the sensing circuit, such as a
control unit. The control unit may receive and process a
measurement of the backscatter signal to determine informa-
tion regarding the IMD. For example, a peak voltage of the
backscatter signal may be related to a peak voltage of the
charging signal. The peak voltage of the backscatter signal
may be used to determine charging status (e.g., relative charg-
ing efficiency and/or charging state) of the charge storage
device of the IMD. Receipt of the backscatter signal and/or a
measurement of the backscatter signal may be used to detect
a presence (i.e., within a patient) of the IMD. Measurements
based on the backscatter signal can provide a basis for adjust-
ing the external charging system, the IMD, or both, to
improve the charging efficiency of the charging signal. For
example, the measurements of the backscatter signal associ-
ated with the charging signal can be used to adjust a frequency
of the charging signal provided to the IMD. In another
example, the measurements of the backscatter signal associ-
ated with the charging signal can be used to adjust a position
or alignment of the external charging system relative to the
IMD to promote charging efficiency. In another example,
periodic measurements of the backscatter signal associated
with the charging signal can be used to adjust a frequency of
the charging signal provided to the IMD to compensate for
changes in the position or alignment of the external charging
system relative to the IMD during recharge.

By adding the communication coil to the IMD to enable
communication of the backscatter signal to an external
device, communication hardware (e.g., a communication
link) that may otherwise consume space within the IMD and
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that may depend on energy provided by the charge storage
device of the IMD can be reduced or removed entirely. The
addition of the communication coil may reduce the area
within the IMD that is occupied by communication hardware,
thereby reducing an overall weight and size of the IMD.

Referring to FIG. 1A, a particular embodiment of a system
100 including an implantable medical device (IMD) 150 and
a charging device 110 is depicted. The system 100 illustrates
a particular arrangement of the charging device 110 and the
IMD 150 to enable transfer of energy from the charging
device 110 to the IMD 150 via inductive coupling. The energy
transferred to the IMD 150 may be stored at a charge storage
element 190 of the IMD 150. FIG. 1A also illustrates a par-
ticular arrangement of the charging device 110 and the IMD
150 to enable the charging device 110 to receive a backscatter
signal 184 communicated from the IMD 150 via inductive
coupling.

In a particular embodiment, the charging device 110 may
include a charging system 116 and a sensing system 140. In
other particular embodiments of the system 100, the charging
system 116 and the sensing system 140 may be components
of separate devices. The charging system 116 may include a
first external coil 122 that is coupled to a charging power
supply 120. The charging power supply 120 may provide a
charging signal to the first external coil 122 via a charging
circuit 124 of the charging device 110.

In a particular embodiment, the implantable medical
device 150 may include a circuit 180 coupled to a charging
coil 160 and a communication coil 170. The circuit 180
includes a circuit component 182 (e.g., a rectifier). The IMD
150 may also include a charge storage element 190 (e.g., a
battery, a rechargeable battery, a capacitor, or another charge
storage device) that is coupled to the circuit component 182.
The charge storage element 190 may store energy that can be
used to operate the IMD 150.

The charging coil 160 may be configured to be inductively
coupled to the first external coil 122 of the charging system
116 to receive a charging signal communicated by the first
external coil 122. The charge storage element 190 may
receive a modified (e.g., rectified) charging signal from the
circuit component 182. The modified charging signal may
provide charge to the charge storage element 190. Thus, the
charge storage element 190 may be recharged by the modified
charging signal. The modified charging signal may be a rec-
tified charging signal and the circuit component 182 may
include a rectifier that rectifies the charging signal to produce
the rectified charging signal. In a particular embodiment, the
circuit component 182 is or includes a circuit element that
does not have a linear relationship between current and volt-
age of the circuit 180 (also referred to herein as a non-linear
circuit element). For example, the non-linear circuit element
may include one or more diodes. In a particular embodiment,
the circuit component 182 may include one or more diodes
that may be arranged to rectify the charging signal to produce
the rectified charging signal. In another particular embodi-
ment, the circuit 180 may include a rectifier that includes one
or more diodes arranged to rectify the charging signal to
produce the rectified charging signal.

The IMD 150 may be adapted to be implanted within a
patient to provide therapy, to monitor one or more conditions
of the patient, for another purpose, or a combination thereof.
In a particular embodiment, the IMD 150 may include one or
more therapy delivery units 192 configured to deliver therapy
to the patient in which the IMD 150 is implanted. The therapy
delivery unit 192 may be coupled to the charge storage ele-
ment 190 to obtain energy from the charge storage element
190 to deliver the therapy to the patient. The therapy delivery
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unit 192 may provide sensing, treatment, communication,
other functions of the implantable medical device 150, or any
combination thereof using the energy obtained from the
charge storage element 190. In a particular embodiment, the
therapy delivery unit 192 may be a stimulation unit that is
configured to deliver the therapy to the patient by application
of one or more electrical signals to tissue of the patient. For
example, the one or more electrical signals may be applied to
the tissue of the patient via one or more electrodes that may be
coupled to the therapy delivery unit 192. The tissue may
include neural tissue, such as brain tissue or nerve tissue.
Nerve tissue may include cranial nerves, such as the vagus
nerve, the trigeminal nerve, the hypoglossal nerve, and the
glossopharyngeal nerve. In another particular embodiment,
the therapy delivery unit may include a drug pump that is
configured to deliver a chemical to the patient. In another
particular embodiment, the therapy delivery unit 192 may be
configured to sense or detect a body parameter of the patient.
The therapy delivery unit 192 may be configured to adjust
delivery of the therapy to the patient based at least in part on
the sensed body parameter. In another particular embodi-
ment, the therapy delivery unit 192 may be adapted to com-
municate or may be coupled to communication hardware to
communicate information to an external device regarding
delivery of the therapy to the patient or the sensed body
parameter. The therapy delivery unit 192 may be adapted to
receive communication of the one or more electrical signals
applied to the patient. Note that the term “patient” is used
broadly to include any organism and is not intended to imply
that the patient is human; although the patient is a human
patient in one embodiment.

The communication coil 170 may be positioned within the
IMD 150 to receive a backscatter signal 184 produced in
response to rectifying the charging signal. In a particular
embodiment, the backscatter signal 184 may be produced by
the circuit component 182 in response to rectifying the charg-
ing signal. In another particular embodiment, one of more
components of the IMD 150 (e.g., a housing of the IMD 150
or the charge storage element 190) may cause the backscatter
signal 184 to be generated in response to the charging signal.
In a particular embodiment, the backscatter signal 184 may
have a frequency that is three times the frequency of the
charging signal. In another particular embodiment, the back-
scatter signal 184 may have a frequency that is five times the
frequency of the charging signal.

In a particular embodiment, the communication coil 170
may be arranged or positioned orthogonally to the first exter-
nal coil 122, the charging coil 160, or both, to reduce parasitic
inductive coupling between the communication coil 170 and
the first external coil 122, the charging coil 160, or both. Such
parasitic inductive coupling could cause the charging signal
communicated by the first external coil 122 to be received by
the communication coil 170 causing the communication coil
170 to communicate a portion of the charging signal, thereby
interfering with communication ofthe backscatter signal 184.
FIG. 1B illustrates a particular embodiment of an orthogonal
arrangement of coils. In FIG. 1B, the second external coil 132
is wound around the first external coil 122, and both are
positioned external to a patient 196. The communication coil
170 is wound around the charging coil 160. The first external
coil 122 and the charging coil 160 may each be wound around
an axis that is substantially parallel to a y-axis of a coordinate
system 198. The communication coil 170 and the second
external coil 132 may each be wound around an axis that is
substantially parallel to the x-axis of the coordinate system
198. Since the y-axis and the x-axis are orthogonal to one
another, the coils used for charging (i.e., the first external coil
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122 and the charging coil 160) are said to be arranged
orthogonally to the coils used for sensing (i.e., the commu-
nication coil 170 and the second external coil 132). As used
herein, orthogonal arrangement of the coils is intended to
include minor variations, e.g., due to manufacturing con-
straints or errors. Accordingly, each use of the term orthogo-
nal is understood to mean substantially orthogonal or
orthogonal within manufacturing limitations.

One or more external coils (e.g., a second external coil 132)
may be inductively coupled with the communication coil 170
to receive the backscatter signal 184. For example, the sens-
ing system 140 may be inductively coupled to the IMD 150 to
receive the backscatter signal 184. The sensing system 140
may include the second external coil 132 (e.g., a sensing coil)
that may be coupled to a sensing circuit 130. In a particular
embodiment, another component coupled to the sensing cir-
cuit 130, such as a control unit 102, may receive and process
the backscatter signal 184 from the sensing circuit 130 to
determine information regarding the IMD 150. The sensing
system 140 may be positioned in proximity to the IMD 150 to
enable inductive coupling between the second external coil
132 and the communication coil 170.

The backscatter signal 184 may be useful for determining
various types of information about of the IMD 150. For
example, the control unit 102 may determine a measurement
of the backscatter signal 184, which may be used to detect a
presence (i.e., within the patient) of the IMD 150 or to deter-
mine a relative location of the IMD 150 proximate to the
charging device 110. The charging device 110 may be
adjusted based on information obtained about the IMD 150
from the backscatter signal 184. The measurement of the
backscatter signal 184 may indicate a charging status or rela-
tive charging efficiency of the IMD 150 with respect to the
charging signal received from the charging device 110. Based
on information obtained from the backscatter signal 184, the
control unit 102 may adjust the charging system 116 to
improve the charging efficiency of the charging signal at the
IMD 150.

The control unit 102 may be operably coupled to or may
include one or more processors and memory that may be
accessible to the one or more processors. The memory may
include tangible, non-transitory, computer-readable media
(e.g., one or more computer memory devices). The memory
may include various memory devices, such as registers,
cache, volatile memory, and non-volatile memory. For
example, the memory can include cache that is accessible by
the processor to rapidly retrieve and store data. The memory
can include any data storage device that can store data which
can thereafter be read by the processor or by any other com-
puting system. Examples of computer-readable media that
the memory may use include, but are not limited to: magnetic
media such as hard disks, floppy disks, and magnetic tape;
optical media such as CD-ROM disks; magneto-optical
media; and specially configured hardware devices such as
application-specific integrated circuits (ASICs), program-
mable logic devices (PLDs), and ROM and RAM devices.
The memory may store instructions that are executable by the
one or more processors to perform functions of the control
unit 102. Additionally or in the alternative, the control unit
102 may be operably coupled to one or more dedicated hard-
ware devices, such as application specific integrated circuits,
programmable logic arrays and other hardware devices, to
implement the functions of the control unit 102. Accordingly,
the present disclosure encompasses software, firmware, and
hardware implementations.

An output device 104 may be included in or operably
coupled to the charging device 110. Alternatively, the output
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device 104 may be included in or operably coupled to the
control unit 102. The output device 104 may output informa-
tion received about the charging device 110, the IMD 150, or
both. The output device 104 may indicate a measurement of
the backscatter signal 184 or charging measurements associ-
ated with charging of the IMD 150. The output device may
provide information indicating the presence of the IMD 150
within the patient, the relative location of the IMD 150, align-
ment information indicating alignment (or relative align-
ment) between the charging device 110 and the IMD 150, or
a combination thereof.

The charging signal may be adjusted in response to infor-
mation determined about the IMD 150 based on the backscat-
ter signal 184. For example, the control unit 102 may control
the charging system 116, the sensing system 140, or both, in
response to information obtained from processing the back-
scatter signal 184. The charging signal may be modified in
response to determining that a charge stored at the charge
storage element 190 satisfies charging criteria (e.g., a charg-
ing efficiency threshold or a charge threshold). For example,
the control unit 102 may be operable to cause the charging
system 116 to perform one or more frequency sweeps of the
charging signal to identify, based on the backscatter signal
184, a particular frequency associated with an improved
charging efficiency relative to other frequencies of the charg-
ing signal. To illustrate, a frequency sweep of the charging
signal may be performed to find a particular charging fre-
quency at which the backscatter signal voltage peaks. The
peak voltage of the backscatter signal corresponds to a reso-
nant frequency of the charging circuit 124 at a particular time
(e.g., while the first external coil 122 and the charging coil
160 have a particular spatial relationship, while the charge
storage element 190 has a particular charge level, etc.). The
charge efficiency should be at a maximum at the resonant
frequency of the charging circuit 124. The frequency of the
charging signal may be changed from time to time as condi-
tions change. For example, the inductive coupling between
the first external coil 122 and the charging coil 160 may
change if the spatial relationship of the charging device 110
and the IMD 150 changes or as the impedance of the charge
storage element 190 changes during recharge. The control
unit 102 may select a new frequency of the charging signal in
response to detecting the change based on the backscatter
signal 184.

In a particular embodiment, the IMD 150 may include a
conductive housing that at least partially surrounds or
encloses components of the IMD 150. The charging coil 160,
the circuit 180, the circuit component 182, the charge storage
element 190, the communication coil 170, the therapy deliv-
ery unit 192, other components of the IMD 150, or a combi-
nation thereof, may be enclosed within the conductive hous-
ing.

In operation, the charging power supply 120 may be acti-
vated to cause the charging signal to be applied to the first
external coil 122 via the charging circuit 124. The charging
device 110 may be positioned at a location proximate to the
IMD 150 to cause the charging coil 160 to be inductively
coupled to the first external coil 122. The charging coil 160
may receive the charging signal from the first external coil
122 in response to inductive coupling between the first exter-
nal coil 122 and the charging coil 160. The charging signal
may be provided, via the circuit 180, to the circuit component
182. The circuit component 182 may rectify the charging
signal to provide a rectified charging signal. The rectified
charging signal may be provided to the charge storage ele-
ment 190, which may store energy responsive to the rectified
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charging signal. Thus, the charging device 110 located proxi-
mate to the IMD 150 may enable a charge to be wirelessly
provided to the IMD 150.

The backscatter signal 184 may be generated by the circuit
component 182 in response to the charging signal. The com-
munication coil 170 may receive the backscatter signal 184.
The second external coil 132 may receive the backscatter
signal 184 from the communication coil 170 via inductive
coupling between the communication coil 170 and the second
external coil 132. The sensing circuit 130 may receive the
backscatter signal 184 from the second external coil 132. The
control unit 102 may receive the backscatter signal 184 or
data descriptive of the backscatter signal 184 from the sensing
circuit 130. The control unit 102 may process the backscatter
signal 184 or the data descriptive of the backscatter signal 184
to determine information about the IMD 150. The control unit
102 may control operation of the charging system 116 to
adjust the charging signal based on the determined informa-
tion about the IMD 150. For example, the control unit 102
may adjust the frequency of the charging signal to improve
charging efficiency based on the backscatter signal 184.

Thus, the backscatter signal 184 enables wireless commu-
nication of information about operation and/or status of the
IMD 150. Communication via the backscatter signal 184 does
not consume power from the charge storage element 190 of
the IMD 150. The IMD 150 may communicate information
via the backscatter signal 184 while the IMD 150 is charging
the charge storage element 190. Further, cost and mainte-
nance of the IMD 150 can be reduced, because sensing can be
performed externally at the sensing system 140 without active
communication hardware being present in the IMD 150.

Referring to FIG. 2, a block diagram of a particular
embodiment of a system 200 is shown. The system 200
includes an IMD 250 and a charging device 210. The system
200 illustrates circuits within the IMD 250 and the charging
device 210 to enable transfer of energy from the charging
device 210 to the IMD 250. The system 200 also illustrates
circuits within the IMD 250 and the charging device 210 to
communicate a backscatter signal 284 to the charging device
210 via inductive coupling with the IMD 250.

The charging device includes a charging system 216. The
charging system 216 may include or correspond to the charg-
ing system 116 of FIG. 1A. The charging system 216 may
include a charging circuit 224 that may include a charging
power supply 220, a capacitor 218, and a first charging coil
222. The charging circuit 224 may include or correspond to
the charging circuit 124 of FIG. 1A. The charging power
supply 220 may include or correspond to the charging power
supply 120 of FIG. 1A. The first charging coil 222 may
include or correspond to the first external coil 122 of FIG. 1A.
In a particular embodiment, the first charging coil 222 may be
formed using a first conductor (e.g., a conductive wire). Thus,
the first charging coil 222 may exhibit resistance (illustrated
in the circuit diagram as a resistor 226) and inductance (illus-
trated in the circuit diagram as an inductor 228). The charging
circuit 224 may include or may be modeled as a resistive (R),
inductive (L), and capacitive (C) circuit (also referred to as an
“RLC circuit”). An RLC circuit has a resonant frequency,
which corresponds to a frequency at which impedance due to
inductance and impedance due to capacitance is at a mini-
mum. The resonant frequency is thus an efficient frequency at
which to operate the RLC circuit since losses due to induc-
tance and capacitance are reduced or removed. Another char-
acteristic of the resonant frequency of an RLC circuit is that,
at the resonant frequency, current and voltage of a signal
applied to the RLC circuit are in phase.
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In a particular embodiment, the charging circuit 224 may
be designed to have a resonant frequency of approximately 10
KHz. Operating at the resonant frequency of 10 KHz may
enable improved charging efficiency of the charging signal.
The charging power supply 220 may apply a charging signal
to the first charging coil 222. Inductive coupling between the
first charging coil 222 and another coil may induce currents at
the first charging coil 222, thereby causing the resonant fre-
quency of the charging circuit 224 to change. Thus, an actual
resonant frequency of the charging circuit 224 may be
dynamic and may change over time as a result of interaction
between the charging circuit 224 and the IMD 250. In a
particular embodiment, an input waveform provided at the
charging power supply 220 to generate the charging signal
may be a square waveform; however, other input waveforms
may be used. In another particular embodiment, the charging
circuit 224 may be a narrow-band circuit with a high quality
factor (Q) to maintain efficiency of the charging circuit 224,
such as maintaining absolute voltage of the charge signal,
which may support charging efficiency of the charging signal.

The IMD 250 may include or correspond to the IMD 150 of
FIG. 1A. The IMD 250 may include a conductive housing 296
that at least partially surrounds or encloses components of the
IMD 250. The IMD 250 may include a circuit 280 that may
include a capacitor 266, a second charging coil 260, a com-
munication coil 270, and a circuit component 282. The circuit
280 may include or correspond to the circuit 180 of FIG. 1A.
The IMD 250 may also include a charge storage element 290
(e.g., a battery, a rechargeable battery, a capacitor, or another
charge storage device) that is coupled to the circuit compo-
nent 282.

The second charging coil 260 may include or correspond to
the charging coil 160 of FIG. 1A. In a particular embodiment,
the second charging coil 260 may be formed using a conduc-
tor (e.g. a conductive wire). To illustrate, the second charging
coil 260 may be wound inside the IMD 250 around a core that
may include or enclose one or more components of the IMD
250.

The second charging coil 260 may be configured to receive
the charging signal via inductive coupling with the first charg-
ing coil 222. The second charging coil 260 may exhibit resis-
tance (illustrated in the circuit diagram as a resistor 264) and
inductance (illustrated in the circuit diagram as an inductor
262). The circuit 280 may include or may be modeled as an
RLC circuit. In a particular embodiment, the circuit 280 may
be designed to operate with a resonant frequency of approxi-
mately 10 KHz. The resonant frequency of 10 KHz may
enable a greater charging efficiency of the charging signal.

The charge storage element 290 may receive a modified
(e.g., rectified) charging signal from the circuit component
282. For example, the modified charging signal may be a
rectified charging signal, and the circuit component 282 may
include a rectifier that rectifies the charging signal to produce
the rectified charging signal. The modified charging signal
may provide charge to the charge storage element 290. Thus,
the charge storage element 290 may be recharged by the
modified charging signal. The charge storage element 290
may store energy that can be used to operate the IMD 250. An
amount of charge held by the charge storage element 290 may
correspond to a voltage, V.. 294, measured across the
charge storage element 290. In a particular embodiment, the
charge storage element 290 may include or correspond to the
charge storage element 190 of FIG. 1A.

The IMD 250 may be adapted to be implanted within a
patient to provide therapy, to monitor one or more conditions
of' the patient, for another purpose, or a combination thereof.
The IMD 250 may include one or more therapy delivery units
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292 configured to deliver therapy to the patient in which the
IMD 250 is implanted. The therapy delivery unit 292 may
correspond to the therapy delivery unit 192 of FIG. 1A. The
therapy delivery unit 292 may be coupled to the charge stor-
age element 290 to obtain energy from the charge storage
element 290 for operation of the therapy delivery unit 292.

The communication coil 270 may exhibit resistance (illus-
trated in the circuit diagram as a resistor 274) and inductance
(illustrated in the circuit diagram as an inductor 272). In a
particular embodiment, the communication coil 270 may be
formed using a conductor (e.g., conductive wire). The com-
munication coil 270 may be configured to receive the back-
scatter signal 284 via the circuit 280.

The communication coil 270 may be arranged or posi-
tioned orthogonal to the second charging coil 260. In a par-
ticular embodiment, the communication coil 270 may be
wound around the core of the IMD 250. The orthogonal
arrangement of the coils is described with reference to FIG.
1B. As an example of an orthogonal arrangement of the coils
of FIG. 2, the communication coil 270 and the sensing coil
232 may be wound around axes that are parallel to a first axis
of'a coordinate system, and the first charging coil 222 and the
second charging coil 260 may be wound around axes that are
parallel to a second axis of the coordinate system. The first
axis of the coordinate system and the second axis of the
coordinate system may be orthogonal, or substantially
orthogonal, to each other. Thus, the communication coil 270
and the sensing coil 232 may be said to be orthogonal to the
first charging coil 222 and the second charging coil 260.
Positioning the communication coil 270 orthogonal to the
second charging coil 260 may reduce an amount of parasitic
inductive coupling that may occur between the communica-
tion coil 270 and the second charging coil 260, the first
charging coil 222, or both.

Inaparticular embodiment, the conductor (e.g., conductive
wire) used to form the communication coil 270 has less vol-
ume, less mass, or both, than the conductor used to form the
second charging coil 260. For example, a smaller quantity
(e.g., shorter length) of a thinner conductive wire may be used
to form the communication coil 270 than a conductor used to
form the second charging coil 260. Thus, the communication
coil 270 may have a low impact on space, weight, or both, of
the IMD 250 when added to the IMD 250 to enable commu-
nication of the backscatter signal 284. The backscatter signal
284 may be communicated efficiently when the communica-
tion coil 270 has an inductance of about 35 uH (e.g., approxi-
mately 10-50 uH). The communication coil 270 may be con-
figured to have a lower Q and a broader band than the second
charging coil 260. The broader band of the communication
coil 270 allows the backscatter signal 284 to be communi-
cated to the second external coil 232 without significant
attenuation from the communication coil 270 even if the
frequency of the backscatter signal 284 changes. The conduc-
tor used to form the communication coil 270 may be more
lossy than the conductor used to form the second charging
coil 260 resulting in a lower Q and broader band for the
communication coil 270. Lossiness of the communication
coil 270 and reception of the backscatter signal 284 at a
broad-band circuit of the sensing system 240 may facilitate
communication of the backscatter signal 284 at a higher fre-
quency (e.g., third or fifth order harmonics of the charging
signal frequency) and may reduce impact of the second charg-
ing coil 260 and the first charging coil 222 on communication
of the backscatter signal 284. Because the communication
coil 270 is formed to enable the backscatter signal 284 to be
received at a frequency greater than the frequency of the first
charging coil 222 and the second charging coil 260, the com-
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munication coil 270 may not receive the charging signal,
which may be at a lower frequency.

The sensing system 240 may include or correspond to the
sensing system 140 of FIG. 1A. The sensing system 240 may
include the sensing circuit 230 that includes a capacitor 208
and that may be coupled to a sensing coil 232. The sensing
coil 232 may exhibit resistance (illustrated in the circuit dia-
gram as a resistor 236) and inductance (illustrated in the
circuit diagram as an inductor 238). In a particular embodi-
ment, the sensing coil 232 may be formed using a conductor
(e.g., conductive wire). In a particular embodiment, the sens-
ing coil 232 may be arranged or positioned orthogonal to the
first charging coil 222 and the second charging coil 260, and
may be position or arranged parallel to (e.g., in alignment
with) the communication coil 270. Parasitic coupling that
could occur between the sensing coil 232 and the second
charging coil 260, the first charging coil 222, or both may be
reduced by orthogonal arrangement. The sensing coil 232
may be configured to receive the backscatter signal 284. In a
particular embodiment, the backscatter signal 284 may be
communicated efficiently when the sensing coil 232 has an
inductance of about 75 uH (e.g., 60-100 uH). The sensing coil
232 may be configured to have a lower Q and a broader band
than the first charging coil 222. The broader band of the
sensing coil 232 allows the backscatter signal 284 to be
received without significant attenuation even if the frequency
of the backscatter signal 284 changes as the charging signal
frequency is adjusted or swept to find the resonant frequency
of the charging circuit 224. The conductor used to form the
sensing coil 232 may be more lossy than the conductor used
to form the first charging coil 222 resulting in a lower Q and
broader band for the sensing coil 232. The backscatter signal
284 may be communicated to the sensing coil 232 at a higher
frequency (e.g., third or fifth order harmonics of the charging
signal frequency), which may reduce impact of the second
charging coil 260 and the first charging coil 222 on commu-
nication of the backscatter signal 284. Because the sensing
coil 232 is formed to enable the backscatter signal 284 to be
received at a frequency greater than the frequency of the first
charging coil 222 and the second charging coil 260, sensing
coil 232 may not receive the charging signal, which may be at
a lower frequency.

The sensing circuit 230 may detect a characteristic of the
backscatter signal, such as a sensed voltage, V... 234. The
sensing circuit 230 may provide the backscatter signal 284, or
data descriptive of or related to the backscatter signal 284
(such as avalue of V,__ 234) to another component coupled
to the sensing circuit 230, such as a control unit 202. The
control unit 202 may be coupled to the sensing circuit 230 to
obtain the value of V.. 234 or another measured character-
istic of the backscatter signal 284. In a particular embodi-
ment, thevalue of V.. 234 may be related to or indicative of
avalue of V.. 294. For example, the value of V.., 234
may track the value of V ;. 294. The peak value of V..
294, which indicates maximum charge efficiency, may corre-
spond to a peak value of V_, __234. Thus, a frequency sweep
of the charging signal may be performed while the value of
V. 234 is measured in order to determine a frequency of

the charging signal that corresponds to a peak value of V.
234 and therefore, an improved charging rate or an improved
charging efficiency with respect to the charge storage element
290.

The controlunit 202 may correspond to the control unit 102
of FIG. 1A. The control unit 202 may receive and process the
backscatter signal 284 or data descriptive of the backscatter
signal 284 from the sensing circuit 230 to determine infor-

mation regarding the IMD 250. The control unit 202 may
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control the charging system 216, the sensing system 240, or
both, in response to information obtained from processing the
backscatter signal 284.

An output device 204 may be included in or operably
coupled to the charging device 210. Alternatively, the output
device 204 may be included in or operably coupled to the
control unit 202. The output device 204 may output informa-
tion received about the charging device 210, the IMD 250, or
both. For example, the output device 204 may provide a
visual, audible or haptic output that is indicative of a mea-
sured characteristic of the backscatter signal 284 (e.g., V..
234) or is indicative of estimated information associated with
charging of the IMD 250 (e.g., V., 294, a rate of change of
V charge 294, relative charging efficiency of the charging sig-
nal, etc.). The output device may provide information indi-
cating the presence of the IMD 250 within the patient, the
relative location of the IMD 250, alignment information indi-
cating alignment between the charging device 210 and the
IMD 250, or a combination thereof.

Inaparticular embodiment, a measured value of V234
may be used to identify a concern associated with the charge
storage element 290. For example, when the charge storage
element 290 is unable to store charge provided by the rectified
charging signal, the measured value of' V... 234 may be less
than an expected value of V., 234. To illustrate, when a load
of the charge storage element 290 is opened such that the
rectified charging signal applied to the charge storage element
cannot be stored, the backscatter signal 284 may be affected
such that V 234 may be significantly lower, or zero.

In a particular embodiment, the measured value of V, .,
234 may be used to determine when to cease providing the
charging signal to the IMD 250. In a particular embodiment,
the circuit 280 of the IMD 250 may include a switch that
controls distribution of the charging signal based on a tem-
perature of the IMD 250. For example, the switch may open
(creating an opening in the circuit 280) when a temperature of
the conductive housing 296 reaches a temperature threshold.
The open switch may prevent the charging signal from being
rectified to apply the rectified charging signal to the charge
storage element 290. The backscatter signal 284 may be
affected such that the measured value of V., 234 is reduced.
The reduced value of V., 234 may indicate that the charge
storage element 290 is not storing charge. In a particular
embodiment, when the value of V. 234 falls below a
charging threshold, the charging device 210 may cease appli-
cation of the charging signal to the first charging coil 222 to
cease communication of the charging signal to the IMD 250.
During recharge, the impedance of the charge storage ele-
ment 290 may change. The changes in impedance, the amount
of time the charge storage element 290 has been charging, or
a combination thereof, may be used to determine the state of
the charge storage element 290. In some embodiments, the
backscatter frequency is periodically or continuously mea-
sured to identify impedance changes to track, or determine,
the charging state of the charge storage element 290. Periodic
or continuous frequency sweeps of the charging signal may
also be performed during charging to monitor the peak value
of'V,,,... 234. The frequency of the charging signal may need
to be adjusted if the peak value of V.. 234 changes with the
impedance of the charge storage element 290.

Thus, communication of the backscatter signal from the
IMD to an external device may enable the external device to
obtain information about the IMD while the IMD is charging
without consuming energy from the charge storage element.
A measurement of the backscatter signal may provide an
indication of operation and/or status of the IMD, which can be
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used to adjust the charging device to improve charging effi-
ciency of the IMD in response to the charging signal.

FIG. 3 is flow chart of a particular embodiment of a method
300 of communicating a backscatter signal from an implant-
able medical device to an external device. For example, the
method 300 may be performed by an implantable medical
device, such as the IMD 150 of FIG. 1A or the IMD 250 of
FIG. 2.

At 302, the method 300 may include receiving a charging
signal at a charging coil of the implantable medical device by
inductively coupling the charging coil to a first external coil of
a charging device. For example, the charging coil 160 of the
IMD 150 of FIG. 1A may receive a charging signal by induc-
tive coupling of the charging coil 160 and the first external
coil 122 of the charging device 110. In another example, the
second charging coil 260 of the IMD 250 of FIG. 2 may
receive a charging signal by inductive coupling of the second
charging coil 260 and the first charging coil 222. In a particu-
lar embodiment, the inductive coupling between the first
external coil and the charging coil may affect the resonant
frequency of the charging circuit of the charging device,
which may reduce the efficiency of charge provided to the
IMD. The frequency at which the charging signal is trans-
ferred to the first external coil may be adjusted to accommo-
date the effects of the inductive coupling. Periodic or continu-
ous frequency sweeps of the charging signal may be
performed during charging to monitor the peak value of V.,
234. The frequency of the charging signal may be adjusted
based on changes in the peak value of V... 234 that may be
caused by inductive coupling, alignment issues, or any com-
bination thereof.

At 304, the method 300 may include rectifying the charg-
ing signal and applying the rectified charging signal to a
charge storage element of the implantable medical device.
For example, the circuit component 182 of FIG. 1A may
rectify the charging signal received from the charging coil
160. The circuit component 182 may provide the rectified
charging signal to the charge storage element 190. The cur-
rent provided by the rectified charging signal may cause the
charge storage element 190 to store charge.

At 306, the method 300 may include applying a backscatter
signal to a communication coil of the implantable medical
device, where the backscatter signal is generated responsive
to the charging signal being applied to a component of the
implantable medical device and where the communication
coil is orthogonal to the charging coil. For example, the IMD
150 of FIG. 1A may apply the backscatter signal 184 to the
communication coil 170 of the IMD 150. To illustrate, the
circuit component 182 of the IMD 150 may generate the
backscatter signal 184 in response to application of the charg-
ing signal to a component of the implantable medical device
(e.g., the circuit component 182). To mitigate parasitic induc-
tive coupling between the communication coil 170 and the
charging coil 160, the first external coil 122, or both, the
communication coil 170 may be positioned orthogonally to
the charging coil 160.

At 308, the method 300 may also include sending the
backscatter signal to an external device by inductively cou-
pling the communication coil to a second external coil of the
external device to communicate the backscatter signal to the
second external coil. For example, the communication coil
170 of FIG. 1A may send the backscatter signal 184 to the
charging device 110 by inductively coupling the communi-
cation coil 170 to the second external coil 132 to communi-
cate the backscatter signal 184 to the second external coil 132.
In another example, the communication coil 270 of FIG. 2
may send the backscatter signal 284 to the charging device
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210 by inductively coupling the communication coil 270 to
the sensing coil 232 to communication the backscatter signal
284 to the sensing coil 232.

Thus, the backscatter signal can be communicated to a
device external to the IMD to provide information about the
IMD. Placing the communication coil orthogonal to the
charging coil may reduce inductive coupling between these
coils. As explained above, inductive coupling between the
communication coil and the second external coil facilitates
communication between the IMD and the external device
without consumption of energy from the charge storage ele-
ment of the IMD.

FIG. 4 is a flow chart of a first embodiment of a method 400
of'detecting a backscatter signal received from an implantable
medical device in response to application of a charging signal
to the implantable medical device. For example, the method
400 may be performed by the charging device 110 of FIG. 1A.
In another example, the method may be performed by the
charging device 210 of FIG. 2.

At 402, the method 400 includes applying a charging signal
to a first charging coil of a charging device. For example, the
charging device 110 of FIG. 1A may apply a charging signal
to the first external coil 122. In a particular embodiment, the
charging device may be coupled to logic or configured to
control application of the charging signal. In a particular
embodiment, the charging signal may be provided to the first
charging coil at or near a resonant frequency of a circuit of the
charging device.

At 404, the method 400 also includes communicating the
charging signal to a second charging coil of an implantable
medical device by inductively coupling the second charging
coil and the first charging coil, where the implantable medical
device includes a charge storage element that is charged using
the charging signal. For example, the charging device 110 of
FIG. 1A may communicate a charging signal to the second
charging coil 160 of the IMD 150 by inductively coupling the
charging coil 160 and the first external coil 122. The IMD 150
may charge the charge storage element 190 based on the
charging signal. Efficiency of energy transfer of the charging
signal via inductive coupling may be related to position,
distance, and alignment between the IMD 150 and the charg-
ing device 110 and other factors.

At 406, the method 400 includes detecting, at a sensing
coil, a backscatter signal from a communication coil of the
implantable medical device, where the sensing coil is
orthogonal to the first charging coil. For example, the second
external coil 132 of FIG. 1A may detect the backscatter signal
184 from the communication coil 170. To reduce parasitic
effects on the inductive coupling between the first external
coil 122 and the charging coil 160, the second external coil
132 may be positioned orthogonally to the first external coil
122.

Detecting the backscatter signal at the external device may
enable wireless communication of information about the
implantable medical device to the external device without
consumption of energy from the charge storage element of the
implantable medical device. The backscatter signal 184 from
the communication coil 170 may be at a different frequency
from the charging signal frequency, such as a third or fifth
harmonic of the charging signal frequency. The charging
circuit 124 of the charging device 110 may be a narrow band
circuit and be unaffected by the higher frequency backscatter
signal 184. Furthermore, the first external coil 122 may be
substantially orthogonal to both the communication coil 170
and the second external coil 132 to further minimize interfer-
ence so that charging and backscatter communication may
occur concurrently. Therefore, the external device may obtain
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the information from the backscatter signal 184 without
changing or affecting an external charging system that trans-
fers energy to the implantable medical device via inductive
coupling. Additionally, the addition of the communication
coil may have little impact on volume, weight, or both, of the
implantable medical device.

FIG. 5 is a flow chart of a second embodiment of a method
500 of detecting a backscatter signal received from an
implantable medical device in response to application of a
charging signal to the implantable medical device. For
example, the method 500 may be performed by the charging
device 110 of FIG. 1A. In another example, the method may
be performed by the charging device 210 of FIG. 2.

At502, the method 500 includes applying a charging signal
to a first charging coil of a charging device. For example, the
charging device 210 of FIG. 2 may apply a charging signal to
the first charging coil 222. In a particular embodiment, the
charging device may be coupled to logic or configured to
control application of the charging signal to the first charging
coil. In a particular embodiment, the charging signal may be
provided to the first charging coil at or near a resonant fre-
quency of a circuit of the charging device.

At 504, the method 500 also includes communicating the
charging signal to a second charging coil of an implantable
medical device by inductively coupling the second charging
coil and the first charging coil, where the implantable medical
device includes a charge storage element that is charged using
the charging signal. For example, the charging device 210 of
FIG. 2 may communicate a charging signal to the second
charging coil 260 of the IMD 250 by inductively coupling the
second charging coil 260 and the first charging coil 222. The
IMD 250 may charge the charge storage element 290 based
on the charging signal.

At 506, the method 500 includes detecting, at a sensing
coil, a backscatter signal from a communication coil of the
implantable medical device, where the sensing coil is
orthogonal to the first charging coil. For example, the sensing
coil 232 of FIG. 2 may detect the backscatter signal 284 from
the communication coil 270.

At 508, the method 500 may include estimating a charging
efficiency of the charging signal based on the backscatter
signal. For example, the charging device 210 of FIG. 2 may
estimate a charging efficiency of the charging signal based on
the backscatter signal 284. In a particular embodiment, the
control unit 202 may estimate the charging efficiency. The
charging efficiency may be based at least in part on a mea-
sured value of V. 234 obtained from the sensing circuit
230. Analysis of V... 234 may be used to determine charg-
ing information associated with the charge storage element
290, such as a charging rate. The charging rate may provide an
indication of the charging efficiency. Charging efficiency may
be estimated based at least in part on a comparison of the
charging rate to an expected or ideal charging rate.

At 510, the method 500 may include adjusting a frequency
of the charging signal to improve charging efficiency of the
charging signal. For example, the frequency of the charging
signal may be adjusted based at least in part on the estimated
charging efficiency. To illustrate, the control unit 202 of FIG.
2 may cause the charging power supply 220 to adjust the
frequency of the charging signal.

At 516, the method 500 may include estimating a charge
state of the charge storage element based on the backscatter
signal. For example, the charging device 210 of FIG. 2 may
estimate the charge state of the charge storage element 290
based on the backscatter signal 284. The charge state may be
indicative of a quantity of energy stored at the charge storage
element. To illustrate, the charge state may correspond to a
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voltage across the charge storage element. In a particular
embodiment, the control unit 202 may estimate the charge
state of the charge storage element 290 based on the back-
scatter signal 284. For example, a measured value of V..
234 may be used to estimate the charge state of the charge
storage element 290.

At 518, the method 500 may include performing a fre-
quency sweep of the charging signal to identify, based on the
backscatter signal, a particular frequency associated with an
improved charging efficiency relative to other frequencies of
the charging signal. For example, the charging device 210 of
FIG. 2 may perform a frequency sweep of the charging signal
to identify, based on the backscatter signal, a particular fre-
quency associated with an improved charging efficiency rela-
tive to other frequencies of the charging signal. For example,
the charging device 210 may determine one or more estimates
of the charging efficiency of the IMD 250 for one or more
frequencies identified during the frequency sweep of the
charging signal. The charging device 210 may determine a
particular frequency from the one or more frequencies that
corresponds to an improved charging efficiency relative to
other charging efficiencies of the one or more frequencies.
For example, the sensing system 240 may be configured to
detect and measure a voltage V... 234 corresponding to the
backscatter signal 284 at each charging signal frequency
applied to the IMD 250 during the frequency sweep. The peak
value of V... 234 resulting from the frequency sweep may
be indicative of a peak value of the charging voltage V..
294. The peak value of V.. 234 may be indicative of a
frequency of the charging signal that provides improved
charging efficiency because the charging efficiency is at
maximum when V... 294 is at its peak. Therefore, the
charging signal frequency providing a backscatter signal with
the peak value of V.. 234 may correspond to the frequency
with an improved charging efficiency relative to other fre-
quencies of the charging signal. Periodic or continuous fre-
quency sweeps of the charging signal may be performed
during charging to monitor the peak value of V_, . 234. The
frequency of the charging signal may be adjusted based on
changes in the peak value of V234 during charging.

At 520, the method 500 includes detecting alignment
between the first charging coil and the second charging coil
based on the backscatter signal. For example, the charging
device 210 of FIG. 2 may detect alignment between the first
charging coil 222 and the second charging coil 260 based on
the backscatter signal 284. In a particular embodiment, the
control unit 202 associated with the charging device 210 may
detect the alignment between the first charging coil 222 and
the second charging coil 260 based on the backscatter signal
284. The charging device 210 may determine one or more
estimates of charging efficiency of the IMD 250 as the charg-
ing device is aligned at one or more positions and while the
first charging coil 222 maintains inductive coupling with the
second charging coil 260 and the communication coil 270
maintains inductive coupling with the sensing coil 232. At a
particular position, the charging device 210 may detect align-
ment between the first charging coil 222 and the second
charging coil 260 based on a characteristic of the backscatter
signal 284 (e.g., a peak in the value of V.. 234). The
charging device 210 may be moved to alternate positions until
the charging device 210 detects alignment between the first
charging coil 222 and the second charging coil 260.

At 522, the method 500 may include detecting presence of
the implantable medical device based on the backscatter sig-
nal. For example, the charging device 210 of FIG. 2 may
detect the presence of the IMD 250 based on the backscatter
signal 284. In a particular embodiment, the control unit 202
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may detect a presence of the IMD 250 based on the backscat-
ter signal 284. For example, the presence of the IMD 250 may
be detected when a value of V., 234 is measured at the
sensing circuit 230. In a particular embodiment, a detection
threshold may be defined, such that the charging device 210
may determine that the IMD 250 is present when the value of
V sonse 234 satisfies the detection threshold.

At 524, the method 500 may include ceasing application of
the charging signal in response to processing of the backscat-
ter signal. For example, the charging device 210 of FIG. 2
may cease application of the charging signal in response to
processing of the backscatter signal 284. In a particular
embodiment, the control unit 202 may cease application of
the charging signal in response to processing of the backscat-
ter signal 284. A threshold voltage may be defined such that
the charging device 210 may stop application of the charging
signal to the first charging coil 222 when the threshold voltage
is not satisfied. The threshold voltage may be a voltage that
indicates that the charge storage element 290 is not storing
charge from the charging signal when the first charging coil
222 is inductively coupled to the second charging coil 260 and
the communication coil 270 is inductively coupled to the
sensing coil 232. In some embodiments, the threshold voltage
may be a fixed value, a percentage of the peak value of the
sensed voltage V.. 234, or a value that changes depending
on the charging state of the charge storage element 290.

In another particular embodiment, information determined
based on the backscatter signal may be used to cease appli-
cation ofthe charging signal. For example, a portion of energy
of the charging signal that does not result in charging of the
charge storage element 290 of FIG. 2 may be lost as heat,
which may increase a temperature of the IMD 250. To limit
temperature rise of the IMD 250 to a level that is safe to be in
contact with the tissue of the patient, the charging system 216
may cease application of the charging signal to the IMD 250
based on information related to temperature rise of the IMD
250, such as a time of application of the charging signal and
the estimated charging efficiency of the charging signal. In
another example, the charging system 216 may determine,
based on a characteristic of the backscatter signal 284, that the
charge storage element 290 is not storing charge and may
cease application of the charging signal to the IMD 250 in
response to the determination. To illustrate, a measured value
otV ,.s. 234 may indicate that the charge storage element 290
of FIG. 2 is not storing charge. The IMD 250 may be equipped
with an automatic switch to shutoff charging at the charge
storage element 290 when a temperature threshold of the
IMD 250 is exceeded. Thus, when the IMD 250 automatically
stops charging of the charge storage element 290, the charg-
ing device 210 may automatically cease application of the
charging signal.

Referring to FIG. 6 A, a particular embodiment of a sensing
system 600 of a charging device 110 is depicted. An external
sensing coil 632 may be inductively coupled with the com-
munication coil 170 of FIG. 1A to receive the backscatter
signal 184. For example, the sensing system 600 may be
inductively coupled to the IMD 150 of FIG. 1A to receive the
backscatter signal 184. The sensing system 600 may include
the external sensing coil 632 that may be coupled to a sensing
circuit 630. In a particular embodiment, another component
coupled to the sensing circuit 630, such as a control unit, may
receive and process the backscatter signal 184 from the sens-
ing circuit 630 to determine information regarding the IMD
150. The sensing circuit 630 may detect a characteristic of the
backscatter signal, such as a sensed voltage, V. 634. The
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IMD 150 to enable inductive coupling between the sensing
coil 632 and the communication coil 170.

The sensing circuit 630 may include a capacitor 608 and
that may be coupled to the sensing coil 632. The sensing coil
632 may exhibit resistance (illustrated in the circuit diagram
as a resistor 636). The sensing coil 632 may exhibit induc-
tance depicted by two inductors in series, a first inductor 638
representing a first portion of the sensing coil 632, and a
second inductor 640 representing a second portion of the
sensing coil 632. The first and second inductors, 638 and 640,
may also be substantially orthogonal to one another as illus-
trated in FIG. 6B. In a particular embodiment, both the first
inductor 638 and the second inductor 640 of the sensing coil
632 may be arranged or positioned orthogonal to the first
charging coil 122 and the second charging coil 160. The
alignment of the sensing coil 632 with the communication
coil 170 will depend on the rotational position of the external
charging device 110. In FIG. 1B, when the rotational position
of the charging device 110 is such that the communication
coil 170 and the second external coil 132 are substantially
orthogonal, the backscatter signal may be very difficult to
sense at the sensing system 140. Returning to FIGS. 6A-6B,
to minimize the sensitivity of the charging device 110 to
rotational misalignment, the sensing coil 632 may include the
two orthogonally placed inductors 638 and 640 as illustrate in
FIG. 6B. When the rotational position of the external charging
device 110 is such that the first inductor 638 is substantially
orthogonal to the communication coil 170, the second induc-
tor 640 will be substantially parallel with the communication
c0il 170 and be able to sense the backscatter signal 184. In this
configuration, regardless of the rotational position of the
charging device 110, at least one of the two orthogonally
placed inductors 638 and 640 should be able to sense the
backscatter signal 184.

Although the description above contains many specifici-
ties, these specificities are utilized to illustrate some particu-
lar embodiments of the disclosure and should not be con-
strued as limiting the scope of the disclosure. The scope of
this disclosure should be determined by the claims and their
legal equivalents. A method or device does not have to address
each and every problem to be encompassed by the present
disclosure. All structural, chemical and functional equiva-
lents to the elements of the disclosure that are known to those
of ordinary skill in the art are expressly incorporated herein
by reference and are intended to be encompassed by the
present claims. A reference to an element in the singular is not
intended to mean one and only one, unless explicitly so stated,
but rather it should be construed to mean at least one. No
claim element herein is to be construed under the provisions
of 35 U.S.C. §112, sixth paragraph, unless the element is
expressly recited using the phrase “means for.” Furthermore,
no element, component or method step in the present disclo-
sure is intended to be dedicated to the public, regardless of
whether the element, component or method step is explicitly
recited in the claims.

The disclosure is described above with reference to draw-
ings. These drawings illustrate certain details of specific
embodiments of the systems and methods and programs of
the present disclosure. However, describing the disclosure
with drawings should not be construed as imposing on the
disclosure any limitations that may be present in the draw-
ings. The present disclosure contemplates methods, systems
and program products on any machine-readable media for
accomplishing its operations. The embodiments of the
present disclosure may be implemented using an existing
computer processor, a special purpose computer processor, or
by a hardwired system.
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As noted above, embodiments within the scope of the
present disclosure include program products including
machine-readable media for carrying or having machine-ex-
ecutable instructions or data structures stored thereon. Such
machine-readable media can be any available media which
can be accessed by a general purpose or special purpose
computer or other machine with a processor. By way of
example, such machine-readable media can include RAM,
ROM, EPROM, EEPROM, CD ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to carry or
store desired program code in the form of machine-execut-
able instructions or data structures and which can be accessed
by a general purpose or special purpose computer or other
machine with a processor. The disclosure may be utilized in a
non-transitory media. When information is transferred or pro-
vided over a network or another communications connection
(either hardwired, wireless, or a combination of hardwired or
wireless) to a machine, the machine properly views the con-
nection as a machine-readable medium. Thus, any such con-
nection is properly termed a machine-readable medium.
Combinations of the above are also included within the scope
of machine-readable media. Machine-executable instructions
include, for example, instructions and data which cause a
general purpose computer, a special purpose computer, or
special purpose processing machines to perform a certain
function or group of functions.

Embodiments of the disclosure are described in the general
context of method steps which may be implemented in one
embodiment by a program product including machine-ex-
ecutable instructions, such as program code, for example, in
the form of program modules executed by machines in net-
worked environments. Generally, program modules include
routines, programs, objects, components, data structures,
etc., that perform particular tasks or implement particular
abstract data types. Machine-executable instructions, associ-
ated data structures, and program modules represent
examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable
instructions or associated data structures represent examples
of corresponding acts for implementing the functions
described in such steps.

Embodiments of the present disclosure may be practiced in
a networked environment using logical connections to one or
more remote computers having processors. Logical connec-
tions may include a local area network (LAN) and a wide area
network (WAN) that are presented here by way of example
and not limitation. Such networking environments are com-
monplace in office-wide or enterprise-wide computer net-
works, intranets and the Internet and may use a wide variety
of different communication protocols. Those skilled in the art
will appreciate that such network computing environments
will typically encompass many types of computer system
configurations, including personal computers, hand-held
devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, servers,
minicomputers, mainframe computers, and the like. For
example, the network computing environment may include
the control unit 102 of FIG. 1A, the one or more therapy
delivery units 192, the control unit 202 of FIG. 2, the one or
more therapy delivery units 292, or any combination thereof.
Embodiments of the disclosure may also be practiced in dis-
tributed computing environments where tasks are performed
by local and remote processing devices that are linked (either
by hardwired links, wireless links, or by a combination of
hardwired or wireless links) through a communications net-
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work. In a distributed computing environment, program mod-
ules may be located in both local and remote memory storage
devices.

An exemplary system for implementing the overall system
or portions of the disclosure might include a general purpose
computing device in the form of a computer, including a
processing unit, a system memory, and a system bus that
couples various system components including the system
memory to the processing unit. For example, the general
purpose computing device may include the controlunit 102 of
FIG. 1A, the one or more therapy delivery units 192, the
control unit 202 of FIG. 2, and the one or more therapy
delivery units 292. The system memory may include read
only memory (ROM) and random access memory (RAM).
The computer may also include a magnetic hard disk drive for
reading from and writing to a magnetic hard disk, a magnetic
disk drive for reading from or writing to a removable mag-
netic disk, and an optical disk drive for reading from or
writing to a removable optical disk such as a CD ROM or
other optical media. The drives and their associated machine-
readable media provide nonvolatile storage of machine-ex-
ecutable instructions, data structures, program modules, and
other data for the computer.

It should be noted that although the flowcharts provided
herein show a specific order of method steps, it is understood
that the order of these steps may differ from what is depicted.
Also two or more steps may be performed concurrently or
with partial concurrence. Such variation will depend on the
software and hardware systems chosen and on designer
choice. It is understood that all such variations are within the
scope of the disclosure.

The foregoing description of embodiments of the disclo-
sure has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
disclosure to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or
may be acquired from practice of the disclosure. The embodi-
ments were chosen and described in order to explain the
principals of the disclosure and its practical application to
enable one skilled in the art to utilize the disclosure in various
embodiments and with various modifications as are suited to
the particular use contemplated.

The Abstract of the Disclosure is submitted with the under-
standing that it will not be used to interpret or limit the scope
or meaning of the claims. In addition, in the foregoing
Detailed Description, various features may be grouped
together or described in a single embodiment for the purpose
of streamlining the disclosure. This disclosure is not to be
interpreted as reflecting an intention that the claimed embodi-
ments require more features than are expressly recited in each
claim. Rather, as the following claims reflect, the claimed
subject matter may be directed to less than all of the features
of any of the disclosed embodiments.

What is claimed is:

1. An implantable medical device comprising:

a charging coil configured to inductively couple to a first
external coil to receive a charging signal to charge a
charge storage element;

a circuit coupled to the charging coil, the circuit including
a circuit component that, in response to the charging
signal being applied to the circuit, generates a backscat-
ter signal having a higher frequency than the charging
signal; and

a communication coil orthogonal to the charging coil and
coupled to the circuit component, the communication
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coil configured to inductively couple to a second exter-
nal coil to communicate the backscatter signal to the
second external coil.
2. The implantable medical device of claim 1, wherein the
circuit component includes a non-linear circuit element.
3. The implantable medical device of claim 1, wherein the
circuit includes a rectifier and wherein the circuit component
includes a diode of the rectifier.
4. The implantable medical device of claim 1, further com-
prising a therapy delivery unit configured to be coupled to the
charge storage element, the therapy delivery unit configured
to be implanted into a patient and to deliver therapy to the
patient.
5. The implantable medical device of claim 1, wherein the
higher frequency of the backscatter signal is less than five
times a frequency of the charging signal.
6. The implantable medical device of claim 1, wherein the
higher frequency of the backscatter signal is approximately
five times a frequency of the charging signal.
7. The implantable medical device of claim 1, wherein the
charging coil is formed from a first conductor wound about a
core, wherein the communication coil is formed from a sec-
ond conductor wound about the core, and wherein the second
conductor is more lossy than the first conductor.
8. The implantable medical device of claim 1, wherein the
charging coil, the communication coil, and the circuit are
included in a device that is configured to be implanted into a
patient.
9. The implantable medical device of claim 1, wherein the
backscatter signal is indicative of a charging voltage applied
to the charge storage element, the charging voltage respon-
sive to the charging signal.
10. A method comprising:
receiving a charging signal at a charging coil of an implant-
able medical device via inductive coupling of the charg-
ing coil to a first external coil of a charging device;

rectifying the charging signal and applying the rectified
charging signal to a charge storage element of the
implantable medical device;

applying a backscatter signal, having a higher frequency

than the charging signal, to a communication coil of the
implantable medical device, wherein the backscatter
signal is generated responsive to the charging signal
being applied to a component of the implantable medical
device and wherein the communication coil is orthogo-
nal to the charging coil; and

sending the backscatter signal to an external device by

inductively coupling the communication coil to asecond
external coil of an external device to communicate the
backscatter signal to the second external coil.

11. The method of claim 10, wherein the second external
coil is orthogonal to the first external coil and the charging
coil, and wherein the communication coil is orthogonal to the
first external coil.

12. The method of claim 11, wherein the external device is
included in the charging device, and wherein the charge stor-
age element comprises a rechargeable battery.

13. The method of claim 10, wherein the backscatter signal
is associated with a harmonic frequency of the charging sig-
nal.
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14. A charging device comprising:

a first charging coil configured to couple to a second charg-
ing coil of an implantable medical device, wherein the
first charging coil is adapted to communicate a charging
signal to the second charging coil to charge a charge
storage element of the implantable medical device; and

a sensing coil that is orthogonal to the first charging coil,
the sensing coil configured to detect a backscatter signal,
having a higher frequency than the charging signal, from
acommunication coil of the implantable medical device,
the backscatter signal generated by the implantable
medical device responsive to the charging signal.

15. The charging device of claim 14, wherein the backscat-
ter signal is generated by a component of the implantable
medical device responsive to the charging signal being
applied to the component of the implantable medical device.

16. The charging device of claim 14, further comprising a
control unit configured to perform a frequency sweep of the
charging signal.

17. The charging device of claim 14, further comprising a
control unit configured to cease application of the charging
signal in response to processing of the backscatter signal.

18. The device of claim 14, wherein the sensing coil com-
prises a first inductor and a second inductor, the first inductor
corresponding to a first portion of the sensing coil and a
second inductor corresponding to a second portion of the
sensing coil, and wherein the first inductor is orientated sub-
stantially orthogonal to the second inductor and the first
charging coil.

19. A method comprising:

applying a charging signal to a first charging coil of a
charging device;

communicating the charging signal to a second charging
coil of an implantable medical device by inductively
coupling the second charging coil and the first charging
coil, wherein the implantable medical device includes a
charge storage element that is charged using the charg-
ing signal; and

detecting, at a sensing coil, a backscatter signal, having a
higher frequency than the charging signal, from a com-
munication coil of the implantable medical device,
wherein the sensing coil is orthogonal to the first charg-
ing coil, the backscatter signal generated by the implant-
able medical device responsive to the charging signal.

20. The method of claim 19, further comprising estimating
a charging efficiency of the charging signal based on the
backscatter signal.

21. The method of claim 20, further comprising, after esti-
mating the charging efficiency, adjusting a frequency of the
charging signal.

22. The method of claim 19, further comprising perform-
ing a frequency sweep of the charging signal to identify, based
on the backscatter signal, a particular frequency associated
with an improved charging efficiency relative to other fre-
quencies of the charging signal.

23. The method of claim 19, further comprising ceasing
application of the charging signal in response to processing of
the backscatter signal.
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